Current policies addressing the energy efficiency of building constructions urge planners and manufacturers to properly design the edifice envelope which has to be conceived with a view to both optimizing its thermal performances and complying with the local and national regulations. To achieve this target, for the last few years, researchers involved in building industry have been devising new structures able to realize proper levels of envelope thermal insulation, also employing materials characterized by low environmental impacts owing to their natural origin (such as vegetal fibers) or because derived from industrial/ agricultural process waste. As a contribution to this topic, the purpose of this paper is to assess the insulation features of various structures made up of totally natural and biocompatible materials, in order to try to single out the optimal configurations. The studied mixtures, as a matter of fact, consist of a natural binder (such as hydraulic lime NHL 3.5) and a biocompatible inert material (such as dry platanus acerifolia fruit, natural cork, etc.) with various mass ratio compositions. The measured parameter is the thermal conductivity and the method used is the one stated by the ASTM C518 -04 Standard, which employs a heat flow meter apparatus establishing steady state one-dimensional heat flux through a test specimen between two parallel plates at constant but different temperatures. Fourier's law of heat conduction is, hence, used to calculate thermal conductivity of the specimen.
INTRODUCTION
It is conventional wisdom that the main part of the European policies addressing the reduction of GHG emissions and energy use, with a view to contributing to the energy independence of the EU, specifically regards the building and transport sector [1] - [4] .
As concerns the former, ambitious requirements for energy performance in buildings are established.
As a matter of fact, buildings are responsible for 40% of energy consumption and 36% of CO2 emissions in the EU. While new buildings generally need less than three to five litres of heating oil per square meter per year, older buildings consume about 25 litres on average; some buildings even require up to 60 litres. Currently, about 35% of EU buildings are over 50 years old. By improving the energy efficiency of buildings, total EU energy consumption could be reduced by 5% to 6%, whereas CO2 emissions might be lowered by about 5% [5] - [7] .
In order to further stimulate an increased number of energy efficient buildings, the Energy Performance of Buildings Directive [8] states that after 31 December 2020, all new buildings will be Nearly Zero Energy Buildings (nZEBs), namely buildings with very high energy performance where the nearly zero or very low amount of energy required should be extensively covered by renewable sources produced onsite or nearby [9] [10] .
Therefore, the improvement of the energy performance of buildings is actually considered a crucial target which regards both new and old constructions and can be essentially reached by means of a proper design and upgrading of the edifice perimeter structures.
On the other hand, considering the influence that the faç ade features have on the indoor environmental conditions, properly designed configurations may positively affect the radiant field enveloping the human body in indoor environments [11] , so that thermal comfort requisites are easily met.
In this context, materials can play a pivotal role in order to enhance the thermal behavior of the building envelope, adapting it to the climate condition of the building site; as a consequence this field has been characterized by developing innovations especially regarding the insulation structures (Vacuum Insulation Panels, Gas-Filled Panels, Aerogels, Phase Change Materials, etc.).
However, despite their reliable insulation features, rarely are these materials able to satisfy all the needed requirements; as a matter of fact, they often manifest vulnerability to time and weather conditions (sun beam, humidity, etc.), they may undergo reductions of their insulation properties after modest perforations and, besides, their structure rarely allows cutting for adaption at building site. Furthermore, at the current state of art, these innovative structures are rather expensive and this is the main cause which prevents their diffusion on a larger scale, whereas their global environmental impact (including energy and material use in production, emission of polluting agents and recycling issues) cannot be considered low or negligible.
From this last point of view, the ecological properties of the building materials have currently become essential for a complete assessment of the constructions. The demand for green building materials is rising sharply, especially for insulating materials from renewable resources.
Therefore, recent studies on this topic regard raw material resources originating from agricultural sources [12] [13] or from waste or recycling [14] , discussing their potential and costs [15] [16] , addressing the problem of thermal property change with humidity [17] , assessing their structural properties [18] or discussing their LCA [19] .
With a view to addressing all these issues, this paper has been aimed at identifying other types of structures made up of natural materials which, albeit characterized by poorer insulation properties, are less expensive, more versatile for adaption at building site and more environment-friendly, being composed of vegetal/ecological waste items and suitable for recycling matters.
As a contribution to this topic, this study aims to assess the insulation features of various structures made up of totally natural and biocompatible materials, in order to try to single out the optimal configurations. The studied mixtures, in fact, consist of a natural binder and a biocompatible inert material with various mass ratio compositions.
Particularly, the paper presents the preliminary results of some measurements regarding the thermal conductivity of three samples constructed respectively using dry platanus acerifolia fruits, cork plugs and cardboard as inert materials which were all grinded and blended in a paste of hydraulic lime (NHL 3.5) and water.
The results demonstrate that the thermal conductivities of the studied structures are adequate to insulation purposes, even though further improvement are also possible.
MATERIALS AND METHODS

Measurement principles and used instrument
The general measurement principle is based on the onedimensional Fourier law [20] :
where q is heat flux (W/m 2 ) flowing through the sample, k its thermal conductivity (W m -1 K -1 ) and dt/dx the temperature gradient (K m -1 ) on the isotherm flat surface of the sample. If a flat sample is placed between two flat isothermal plates maintained at two different temperatures, and a uniform onedimensional temperature field has been stabilized, the heat flux in the sample should be orthogonal to the sample flat faces.
As a consequence, the temperature gradient can be determined by measurements of the difference between temperatures of the hot and cold plates (t = thot -tcold ) and thickness of the sample x, being in this case average temperature gradient dt/dx equal to t/x.
The used instrument, exploiting these principles, is the FOX 314TM (Figure 1 ). It consists of the chamber and the base with keypad display section. All the electronics are housed in the base. Once the door of the chamber is opened, sample can be placed between two plates. The upper plate is stationary, whereas the lower one can move up and down by four independently controlled stepping motors. Four precise thickness readout digital sensors monitor the position of each corner of the lower plate. Each time a sample is inserted into the instrument and the stack is closed, the average thickness of the sample is determined within +/-0.025 mm accuracy. As regards the functioning of the experimental apparatus, the two parallel plates are respectively heated and cooled by two arrays of solid-state Peltier elements which, for their lowmass and high-output, enable fast attainment of the temperature set-points. Plate temperature control is driven by the responsive thermocouples in close contact with the sample. An advanced temperature control algorithm continuously maintains the plate temperatures and rapidly brings the system to full thermal equilibrium.
Water-cooled metal heat sinks are bonded to the back sides of the Peltier elements. The waste heat is removed by a recirculating chiller system (Figure 3 ) which allows the Peltier elements to operate at the necessary power output.
Finally, in order to prevent edge heat losses, due to the finite dimensions of the sample, the meter apparatus is equipped with a linear gradient guard, an active guard area.
Before starting measurements on a sample with unknown thermal conductivity, the heat flow meter must be calibrated using a standard sample having reliable known values of thermal conductivity kcal (t). 
where Scal (t) is the calibration factor (W m -2 V -1 ).
As the physical properties of the transducer change with temperature, the temperature calibration of the instrument using standard material is always necessary to get the
for the lower plate) are measured during the calibration run.
They are used for thermal conductivity calculation during the real measurement by means of the equation: Average of two thermal conductivity values is a final result of thermal conductivity test.
Preparation of the studied specimens
Samples were realized by means of proper formworks ( Figure 4 ) used to structure each item with the form and dimension complying with the requirement of the measurement chamber of the instrument. 
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Figure 6. Desiccated platanus acerifolia fruits
The platanus acerifolia fruits were naturally desiccated and manually mashed (Figure 7) , the cork plugs were all triturated ( Figure 8 ) to form particles having a diameter smaller than 2 mm, while the cardboard was cut into pieces and soaked into water.
The used binder is hydraulic lime NHL 3.5, selected for being a natural material (it is produced by heating -calcininglimestone that naturally contains clay and other impurities), for its quite fast set and for its high compressive strength.
The weight composition of the mixture constituting each sample is reported in Table 1 , whereas in Figure 9 the weight shares are depicted.
With regards to this aspect, it must be highlighted that in the aim to construct sample C, the cardboard was preliminary dampened, in order to allow it to be blended with the mixture. The water content of the mixture reported in Figure 9 is only referred to the quantity needed to blend the hydraulic lime and does not take into account the water used to damp the cardboard. On the contrary, the weight of the inert is referred to the wet cardboard and, therefore, it comprises the weight of the water used to damp the material.
Every mixture has been used to structure the correspondent sample, exploiting the formerly described formworks. The obtained dimensions, which do not usually employ the global amount of mixture, are reported in Table 2 . After the construction, the samples were made rest into the formworks for a few days in order not to alter the homogeneity of the mixture with movement and, hence, at the end of this period they were weighted for the first time. All the samples underwent a natural drying process during which they were progressively weighted; as a result, the weight loss is reported in Figure 10 .
It is worth noting that the weight of sample C reached a steady state more slowly than the other two, even though the global weight loss at the end of the drying process was higher.
This phenomenon is due to the mixture composition of sample C, which has a smaller content of binder, and to the behavior of the cardboard which absorbs a great deal of water at the beginning, but slowly releases it during the drying process.
However, the sample will be further investigated, to verify the evolution of dry process and the achievement of stability conditions.
In Figure 11 the density of the three samples, at the end of the drying process, is reported. As expected, sample C has the lowest density, owing to the higher weight loss. Figure 11 . Density of the studied samples
MEASUREMENT RESULTS
The measurements involved several temperature gradients, in order to investigate the variation of the sample thermal conductivity with the temperature in the range between 0°C and 40°C.
The ranges used were the ones reported in Table 3 , where the lower limit, tlow, namely the set-point value for the lower plate of the instrument, the higher limit, tup, that is the setpoint value fixed for the upper plate, and the average temperature, tavg, are specified. The results of the thermal conductivity measurements are reported in Figure 12 , which depicts their trend with temperature, and Table 4 , which specifies the average values and the standard deviations. 
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It can be noted that, in the studied ranges, the variation of the measured parameter with temperature is small. Furthermore, Figure 13 shows the variability of the thermal conductivity with the density of the material. Albeit the few available results do not allow a definitive statement on this topic, it could be highlighted that, as it is usually expected, the lowest density values allow the lowest thermal conductivity values to be reached. 
CONCLUSIONS
Nowadays, the demand for green building materials, especially insulating materials from renewable resources, is sharply rising. Natural material are emerging as low cost, lightweight and apparently environmentally superior alternatives to traditional matters in composites used in building constructions.
In this context, this paper reports the preliminary results of a research activity aimed at the assessment of the insulation features of various structures made up of totally natural and biocompatible materials, in order to try to single out the optimal configurations.
The studied mixtures, in fact, consist of a natural binder (such as hydraulic lime NHL 3.5) and a biocompatible inert material (such as platanus acerifolia fruits, natural cork and cardboard).
The results demonstrate that the thermal conductivities of the studied structures are lower than 0.1 W/mK, confirming that, albeit further improvement are possible by modifying the texture and composition of the compounds, these elements can be considered a good alternative to the most used insulating materials. Furthermore, being constructed using waste materials, they are a contribution to the recycling processes which can make the building industry more sustainable.
On the other hand, notwithstanding the encouraging results, additional analysis are needed for a complete assessment of the studied structures: mechanical resistance, impact of moisture content and the influence of the drying process on the thermal and mechanical properties should be furtherly investigated.
In this direction the prosecution of the research activity has been planned.
